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Higher mortality in patients hospitalized for acute
aortic rupture or dissection during weekends
Massimo Gallerani, MD,a Davide Imberti, MD,b Eduardo Bossone, MD,c Kim A. Eagle, MD,d and
Roberto Manfredini, MD,e Ferrara and Milan, Italy; and Ann Arbor, Mich
Background: The management of acute aortic aneurysm rupture or dissection (AARD) requires specific medical expertise,
diagnostic techniques, and therapeutic options, not always available in all hospitals through the entire week. The aim of
our study was to evaluate whether an association exists between weekday (WD) or weekend (WE) admission andmortality
for patients with ARRD.
Methods:Based on the database of routinely collected hospital admissions of the region of Emilia Romagna (RER) of Italy,
we examined the discharge sheets of all patients with AARD (January 1999 to December 2009). The risk of in-hospital
death was calculated for admissions on the WE compared with the admissions during a WD.
Results:The analysis considered 4559 events in 4461 patients. AARD admissions were most frequent onMonday (14.7%)
and Friday (14.8%) and less frequent on Saturday (12.6%). The percentage of events admitted on Sunday/holiday was
15.0%, whereas the distribution of death rate with respect to day of admission was significantly different (2  23.472;
P < .001) with the highest frequency peak on Sunday/holiday (17.4%) and the lowest on Tuesday (12.9%). WE
admissions were associated with significantly higher in-hospital mortality (43.4%) than WD admissions (36.9%, P <
.001). Multivariate regression analysis showed that WE admission was an independent risk factor for increased
in-hospital mortality odds ratio 1.318; 95% confidence interval, 1.144-1.517; P < .001).
Conclusions: Our findings show that hospitalization for AARD on WE is associated with a significantly higher mortality
rate than hospitalization on WD. Further studies are needed to investigate whether ensuring optimal diagnostic and
therapeutic approaches during the entire week might improve the overall survival of patients with ARRD. (J Vasc Surg
2012;55:1247-54.)
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dAcute aortic aneurysm rupture or dissection (AARD)
represent life-threatening conditions, ranking as the third
most common cause of out-of-hospital sudden death re-
ferred to an emergency department.1 Moreover, after arriv-
ing at the hospital, the condition is associated with high
mortality even in centers with advanced technology and
considerable expertise in AARD.2,3 Several studies have
shown that in patients hospitalized due to an acute cardio-
vascular event, a significantly higher mortality rate is pres-
ent in the case of admission on weekends (WE), compared
with that during weekdays (WD).4-7 Other studies ob-
served that although all-cause mortality was similar in pa-
tients admitted duringWD orWE, admissions onWEwere
followed by a higher mortality within the first 48 hours.8
Hospital admission during WE is associated with an in-
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doi:10.1016/j.jvs.2011.11.133reased mortality in some but not all acute medical condi-
ions.6,7,9 For example, acute conditions requiring urgent
iagnosis and treatment (acute myocardial infarction
AMI], stroke, pulmonary embolism, rupture of abdominal
ortic aneurysm, and intensive care unit [ICU] admission),
eem to be associated with increased in-hospital or short-
erm mortality during the WE compared with a
D.4,5,10-12 Also, medical patients admitted or discharged
rom the ICU early in the WE seem to have an increased
ortality risk and readmission risk to the ICU.13,14
The aim of this study was to determine whether the
ortality rate for patients hospitalized for AARD during
he WE is different from that of patients admitted during a
D.
ETHODS
Patient selection and eligibility. The study was con-
ucted with the approval of the local institutional commit-
ees for human research. The analysis included all emer-
ency hospital admissions for AARD between January 1,
999 and December 31, 2009, recorded in the Region
milia Romagna (RER) (Italy) database, obtained from the
enter for Health Statistics. Starting from 1999, the RER
reated an electronic database, tracking all discharge hospi-
al sheets of patients admitted to hospitals. The discharge
ospital sheet lists name and surname, gender, date of
irth, date and hour of hospital admission and discharge,
epartment of admission and discharge, vital status at dis-
harge, length of stay, primary and up to 15 secondary
ischarge diagnoses, and the most important diagnostic
rocedures based on the International Classification of
1247
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CM). To respect the national dispositions-by-law in terms
of privacy, the RER health authorities removed patient
name, exact address, and other potential identifiers from
the database provided for this study. A consecutive identi-
fication number for each patient was the only identification
data allowed for analysis to categorize the admissions by
age group and to analyze the database for potential rehos-
pitalization with the same diagnosis.
The criteria for inclusion in the statistical analysis were
emergency admission and AARD as the primary diagnosis
(441* ICD-9-CM code). In particular, we included pa-
tients with the following diagnostic codes:
● 441.0 Dissection of aorta
y 441.00 Unspecified site
y 441.01 Thoracic
y 441.02 Abdominal
y 441.03 Thoracoabdominal
● 441.1 Thoracic aneurysm, ruptured
● 441.3 Abdominal aneurysm, ruptured
● 441.5 Aortic aneurysm of unspecified site, ruptured
● 441.6 Thoracoabdominal aneurysm, ruptured
The analysis excluded patients with the following
codes:
● 441.2 Thoracic aneurysm without mention of rupture
● 441.4 Abdominal aneurysm without mention of rup-
ture
● 441.7 Thoracoabdominal aneurysm, without mention
of rupture
● 441.9 Aortic aneurysm of unspecified site without
mention of rupture
Only admissions directly related to AARD, ie, only
cases in which AARD was indicated as the main discharge
diagnosis, were extracted from the database.
Traumatic aortic dissection or rupture (ICD-9 codes
901.0 and 902.0) were excluded.
For patients admitted to one hospital and then trans-
ferred to another, only one admission has been considered
(with the date of hospitalization referring to the first admis-
sion hospital, and the final diagnosis to the discharging
hospital). All recurrent admissions secondary to a primary
event or a postoperative complication related to prior sur-
gical management have been considered as one admission
only.
Admission on the WE was defined as occurred during
the period frommidnight of Friday to midnight of Sunday.
The ninemain national festive days in Italy (January 1, April
25, May 1, June 2, August 15, November 1, December 8,
December 25 and 26) when occurring on a WD, were
considered as Sunday/WE.
Geographic and hospital characteristics. Emilia-
Romagna is a region situated in north-eastern Italy, with a
surface area of 22,124 km2, a total population of
4,323,830 people (7% of the total Italian population).
The region is administratively divided into nine provinces
(from West to East): Piacenza, Parma, Reggio Emilia, Sodena, Bologna, Ferrara, Ravenna, Forlì-Cesena, and
imini. Since 1978, Italy has a National Health Service
NHS), based on the principle of “universal entitlement,”
ith the Government providing free and equal access to
revention, medical care, and rehabilitation services to all
esidents. The NHS is largely under the control of regional
overnments and is administered by local health authorities
Azienda Sanitaria Locale/ASL). Thus, the RER accounts
1 local health authorities (Piacenza, Parma, Reggio
milia, Modena, Bologna, Imola, Ferrara, Ravenna, Forlì-
esena, and Rimini), and total hospitals available in the
egion are 104. Five of these are teaching hospitals (Parma,
eggio, Emiliae, Modena, Bologna, Ferrara) and one is a
esearch orthopedic institute, with 17,061 total beds avail-
ble for acute patients.15
Data collection. The total population was divided into
ubgroups by gender and presence of major cardiovascular
isk factors, eg, arterial hypertension, and diabetes mellitus.
o reduce the impact of age and comorbidity as influencing
actors in the analysis of in-hospital prognosis, we consid-
red the Charlson index modified for use with ICD-9-CM
dministrative databases and adjusted by age (CCIa).16-18
ecause the database did not provide complete clinical
nformation, such as severity score of each case, the analysis
as limited to hard outcomes: fatal (death during hospital-
zation) and nonfatal (patient discharged alive). We also
nalyzed outcomes events in relation to the different hos-
itals that provided the care:
● Province where the hospitals are located;
● Type of hospital, ie, teaching hospitals (usually charac-
terized by urban location) or community hospitals
(more capillary distributed around the provincial ter-
ritory, characterized by a limited number of beds);
● Local availability of heart surgery, vascular surgery, and
coronary intensive care unit; and
● Number of hospital beds for acute patients:
● More than 600
● 400-599
● 200-399
● Less than 200.
Aimof the study. The primary aim of our study was to
ee if in-hospital mortality was different for patients admit-
ed for AARD during the WE compared with patients
dmitted during a WD.
The secondary aims were to analyze day of hospital
dmission for AARD and in-hospital mortality and to
nalyze whether risk factors for AARD were different in
atients admitted on the WE compared with those ad-
itted during a WD.
Data analysis. On the basis of day of admission (time
f arrival to the emergency department), each case was
ategorized into seven 1-day intervals for analysis, and the
vents were analyzed on the basis of their occurrence on
E vsWD. Data have been expressed as absolute numbers,
ercentage, and mean  SD. Analysis of all variables rela-
ive to the associated diagnosis was performed using 2 or
tudent t-test, where appropriate. Comparisons of baseline
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Bonferroni correction for multiple comparisons. Logistic
regression models were used to evaluate the association
between potential risk factors and risk of AARD. For all
considered subgroups, in-hospital mortality risk was calcu-
lated with regression logistic analysis. A multivariable logis-
tic regression was used to determine the odds of in-hospital
mortality on WE vs WD admissions.
Multivariable modeling included patients’ data, which
may impact prognosis in acute AARD, such as sex, hyper-
tension, Charlson comorbidity age-adjusted index (CCIa),
and potential confounding factors, including teaching or
community hospital, number of hospital beds, province,
years/seasons of admission, and first or secondary admis-
sion for AARD. Odds ratios (ORs) and their 95% risk
interval have been reported.
Survival analysis for subgroups of patients admitted on
a WD or the WE was performed by using Kaplan-Meier
analysis data. The analysis was limited to in-hospital mor-
tality and restricted to 60 days from index hospitalization.
Statistical analysis has been performed using SPSS 13.0
for Windows 2004 (SPSS Inc, Chicago, Ill) for statistical
analysis of demographic data.
RESULTS
During the observed period, the RER database con-
tained records of 4559 events of AARD, 3320 in males
(72.8%). Events were relative to 4461 different patients
(mean age, 72.6  12.7 years), 3246 males (72.8%; mean
age, 71 12.5 years), and 1215 females (27.2%; 7612.8
years; P  .001). In 98 (2.2%) patients, a recurrent hospi-
talization due to AARD was registered. The percentage of
deceased patients was slightly higher (but not statistically
significant) among subjects with recurrent admission
(43.9%; 43/98) compared with those at first admission
(38.6%; 1720/4461) (2  .931; P  .334). Table I
summarizes all considered cases and subgroups of aortic
diseases. Table II reports the number of cases observed
along the different years of analysis.
AARD admissions were most frequent on Monday
(14.7%) and Friday (14.8%) and less frequent on Saturday
(12.6%). The percentage of events admitted and Sunday/
Table I. Total population: diagnosis codes and mean age
ICD-9-CM code Subgroup
All cases
441.00 Dissection of aorta, unspecified site
441.01 Dissection of thoracic aorta
441.02 Dissection of abdominal aorta
441.03 Dissection of thoracoabdominal ao
441.1 Thoracic aneurysm, ruptured
441.3 Abdominal aneurysm, ruptured
441.6 Thoracoabdominal aneurysm, rupt
441.5 Aortic aneurysm of unspecified site
ICD-9-CM, International Classification of Diseases, ninth Revision, Clinica
aF  91.31; P  .001.holiday was 15.0% (Table III). The observed distribution of tdmissions did not show any statistically significant differ-
nce compared to that expected (2  6.106; P  .411).
However, there was a significant difference in the dis-
No. patients Mean age  SDa
4559 72.6  12.7
302 68.5  12.8
1057 67.8  14
374 75.3  12.1
477 65.9  13.6
282 72.6  13.5
1842 77.1  9.5
126 74.6  11
tured 99 73.3  14.1
ification; SD, standard deviation.
able II. Number of cases observed during the analyzed
eriods (years)
ear
Weekdays
admission
number (%)a
Weekends
admission
number (%)a
Total
number (%)b
999 230 (74.4) 79 (25.6) 309 (6.8)
000 278 (69.7) 121 (30.3) 399 (8.8)
001 317 (72.2) 122 (27.8) 439 (9.6)
002 289 (72.6) 109 (27.4) 398 (8.7)
003 299 (73.5) 108 (26.5) 407 (8.9)
004 315 (71.9) 123 (28.1) 438 (9.6)
005 352 (74.1) 123 (25.9) 475 (10.4)
006 320 (75.7) 103 (24.3) 423 (9.3)
007 317 (73.7) 113 (26.3) 430 (9.4)
008 288 (70.2) 122 (29.8) 410 (9.0)
009 315 (73.1) 116 (26.9) 431 (9.5)
otal 3320 (72.8) 1239 (27.2) 4559 (100)
% Within the year.
% Between total of observed events.
able III. Day-of-week distribution of AARD hospital
dmissions and subgroups of subjects deceased or not
uring hospitalization
All cases
(n  4559)
(n, % within the group)a
Deceased during
hospitalization
(n  1763; 38.7%)
(n, % between
groups)b
onday 668 (14.7) 234 (13.3)
uesday 653 (14.3) 228 (12.9)
ednesday 642 (14.1) 231 (13.1)
hursday 665 (14.6) 258 (14.6)
riday 673 (14.8) 265 (15.0)
aturday 576 (12.6) 240 (13.6)
unday/holiday 682 (15.0) 307 (17.4)
ARD, Acute aortic aneurysm rupture or dissection.
Within the group, observed compared with expected, 2 6.106; P .411.
Between groups deceased/not deceased, 2  23.472; P  .001.rta
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May 20121250 Gallerani et al(2 23.472; P .001), with a highest frequency peak on
Sunday/holiday (17.4%) and lowest on Tuesday (12.9%).
As for recurrent events, the peak of highest frequency
was on Wednesday (20.4%), and the lowest on Saturday
10.2% (Monday, 12.2%, Tuesday, 17.3%, Thursday, 13.3%,
Friday, 14.3%, Sunday/holiday, 12.2%), with no difference
in respect to first events (2  4.798; P  .547).
Among recurrent events, the distribution along the
day-of-week of survived patients (Monday, eight [14.5%];
Tuesday, 10 [18.2%]; Wednesday, 14 [25.5%]; Thursday,
seven [12.7%]; Friday, six [10.9%]; Saturday, five [9.1%];
and Sunday/holiday, five [9.1%]) did not result to be
statistically different compared with deceased patients
(Monday, four [9.3%]; Tuesday, seven [16.3%]; Wednes-
day, six [14.0%]; Thursday, six [14.0%]; Friday, eight
[18.6%]; Saturday, five [11.6%]; and Sunday/holiday,
seven [16.3%]) (2  4.355; P  .629).
The mean length-of-stay (LOS) of patients admitted
on a WD vs the WE was 14.5  47 and 12.8  20.6 days,
respectively (t  .363; P  .716). In particular, LOS of
patients discharged alive was 19.1  58 days for those
admitted on aWD and 19.6 23.5 days for those admitted
on a WD (t  .223; P  .823). As for deceased patients,
LOS was 6.5 12 days for admissions on a WD and 6.7
Table IV. Characteristics of the study population in relati
Total number
within the gr
Total events 4559 (100
Gender
Male 3320 (72.8
Female 1239 (27.2
Discharged alive 2796 (61.3
Deceased during hospitalization 1763 (38.7
Comorbidity Charlson index
CCIa  0 135 (3.0)
CCIa  1-2 1059 (23.2
CCIa  3-4 2301 (50.5
CCIa 4 1064 (23.3
Province
Bologna 1163 (25.5
Ferrara 304 (6.7)
Forlì-Cesena 245 (5.4)
Modena 689 (15.1
Parma 577 (12.7
Piacenza 259 (5.7)
Ravenna 518 (11.4
Reggio Emilia 462 (10.1
Rimini 342 (7.5)
Type of health organization (first referral setting)
Teaching hospitals 1759 (38.6
Community hospitals 2800 (61.4
Hospital dimensions (first referral setting)
 600 beds 2589 (56.8
400-599 beds 746 (16.4
200-399 beds 433 (9.5)
200 beds 791 (17.4
WD, Weekday; WE, weekend.
a2 performed using Bonferroni correction for multiple comparisons betwe12.8 days for those on the WE (t  .312; P  .755). wThe frequency of death rate in respect to day of admis-
ion was not statistically different between first events or
ecurrences (2  1.478; P  .961).
Table IV summarizes the different characteristics of the
tudy population, according to WD or WE admission.
ortality was significantly higher in subjects admitted on
heWE (43.4%) compared to a WD (36.9%) (2 16.342;
 .001), whereas no difference between WE/WD was
ound among subgroups considering CCIa, provinces, type
f health organization, or hospital dimensions (first referral
etting). The percentage of patients with AARD dying
ithin 24 hours from admission was higher (although not
tatistically significant) among patients admitted on WE
ompared with those admitted on aWD (271/308; 88%, vs
07/714; 85%, vs 2  1.335; P  .248).
Survival analysis showed a significantly increased cumula-
ive risk of death during hospitalization for patients admitted
n the WE compared with those admitted on a WD (Fig).
he preliminary analysis of risk factors associated for in-
ospital death is summarized in Table V. An increased
isk of death during hospitalization was related to female
ender, summer, increasing CCIa score, admission on
E, presence of hypertension, and admission to hospital
ith WD or WE admission
Weekdays admission
number (%)
Weekends/holiday
admission number (%) 2a P
3297 (72.3) 1262 (27.7)  
2382 (72.2) 938 (74.3) 1.889 .169
915 (27.8) 324 (25.7)
2082 (63.1) 714 (56.6) 16.342  .001
1215 (36.9) 548 (43.4)
92 (2.8) 43 (3.5) 1.881 .818
776 (23.4) 283 (22.8)
1683 (50.7) 618 (49.9)
769 (23.2) 295 (23.8)
852 (25.7) 311 (25.1) 3.761 .878
216 (6.5) 88 (7.1)
175 (5.3) 70 (5.6)
496 (14.9) 193 (15.6)
418 (12.6) 159 (12.8)
185 (5.6) 74 (6.0)
376 (11.3) 142 (11.5)
351 (10.6) 111 (9.0)
251 (91.0) 91 (7.3)
1280 (38.6) 479 (38.7) 0.001 .975
2040 (61.4) 760 (61.3)
1878 (56.6) 711 (57.4) 1.603 .902
535 (16.1) 211 (17.0)
322 (9.7) 111 (9.0)
585 (17.6) 206 (16.6)
groups.on w
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Volume 55, Number 5 Gallerani et al 1251The subgroup analysis showed that the risk of death
was higher in patients hospitalized during theWE, both for
aortic dissection (OR, 1.401; 95% confidence interval [CI],
WE N. of dead patients 271 71 40 31 29 13 11 11 11 4 6
N.of remaining patients 1262 954 850 769 685 559 461 397 359 309 278
WD N. of dead patients 607 173 94 48 55 32 30 25 25 9 19
N.of remaining patients 3297 2583 2331 2140 1884 1547 1311 1121 917 793 691
1,0
0,9
0,8
0,7
0,6
0,5
0,4
0,3
0,2
0,1
0,0
-2 0 2 4 6 8 10 12 14 16 18 20
C
um
 H
az
ar
d
Fig. Mortality among patients admitted on weekday (W
patients with acute aortic aneurysm rupture or dissecti
cumulative 60-day risk of death was significantly higher fo
Table V. Risk analysis of in-hospital death
OR
Female gender 1.25
Seasons
Winter 1.00
Spring 1.09
Summer 1.21
Autumn 1.11
Admission on weekend 1.33
Associated comorbidity
Hypertension 2.85
CCIa  0 1.00
CCIa  1-2 2.19
CCIa  3-4 5.58
CCIa 4 5.40
Type of health organization (first referral setting)
Teaching hospitals 1.00
Community hospitals .93
Hospital dimensions and presence of specific
operative units (the first referral setting)
600 beds 1.00
400-599 beds .80
200-399 beds .77
200 beds 1.53
Heart surgery units 1.27
Vascular surgery units 1.02
No coronary intensive care units 1.12
CCIa, Charlson comorbidity index age adjusted; CI, confidence interval; O1.138-1.725; P  .002) and aortic rupture (OR, 1.201; c5% CI, 1.005-1.435; P  .046), but no difference was
ound among subgroups for anatomical site of dissection or
upture (Table VI). Finally, in-hospital mortality risk was
3 5 4 1 3 1 4 4 0 1 2 1 0 0 1 0 0 0
82 164 150 132 120 109 104 88 81 79 72 63 60 58 53 51 48 44
6 11 5 5 3 11 7 6 2 2 2 4 2 1 3 1 1 1
36 394 347 308 275 254 228 205 185 170 164 151 139 127 118 110 103 93
Log-Rank Test: p < 0.0001
6 28 30 32 34 36 38 40 42 44 46 48 50 52 54 56 58 60
days
nd weekend (WE). Cumulative hazard risk of death for
ARD) who were admitted on WE and on WD. The
ents admitted onWE than for patients admitted onWD.
95% CI
Lower bound Upper bound P
1.103 1.438 .001
Reference
.926 1.284 .300
1.024 1.452 .026
.944 1.309 .203
1.165 1.519 .001
2.457 3.320 .001
Reference
1.292 3.712 .004
3.337 9.349 .001
3.207 9.122 .001
Reference
.827 1.057 .282
Reference
.679 .945 .008
.632 .952 .015
1.289 1.819 .001
1.081 1.278 .001
0.948 1.118 .510
1.105 1.775 .005
ds ratio.6 7
249 220 1
7 6
570 491 4
22 24 2
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hypertension, first or successive admission for AARD, year
and month of admission, season, province, type and size of
hospital, availability of heart surgery, vascular surgery, and
coronary intensive care unit. WE admission was confirmed
to be an independent risk factor for increased in-hospital
mortality (B  0.256; standard error, 0.72; Wald, 14.695;
OR, 1.318, 95% CI 1.144-1.517; P  .001).
Among total sample, 2812 patients (61.7%) underwent
a procedure to repair the ruptured aneurysm or dissection,
whereas in 1747 (38.3%), only medical treatment was used.
There was no difference of surgical treatment among pa-
tients admitted on the WE (783/1262; 62.0%) vs a WD
(2029/3297, 61.5%, 2  .078; P  .780).
No WE/WD differences were found in the percentage
of patients undergoing surgical procedure of repair, either
for aortic dissection or rupture. In particular, among pa-
tients with aortic rupture, 75.1% (516/687) of cases admit-
ted on the WE, 75.7% of cases admitted on a WD (1258/
1662) underwent surgical repair (2 .073; P .788). As
for patients with dissection, 46.4% (267/575) of cases
admitted on the WE and 47.1% (770/1635) of those
admitted on a WD underwent surgical repair (2  .050;
P  .823).
DISCUSSION
This study shows that, at least in this region of Italy,
patients admitted urgently to the hospital for AARD on the
WE show a highly significantly increased risk of death
during hospitalization compared with patients admitted on
a WD. Moreover, WE admission seems to be an indepen-
dent risk factor for mortality (OR, 1.31), regardless of sex,
age, province, size, and type of hospital. Our findings are
consistent with several reports. Bell et al4 analyzed all acute
care admissions from emergency departments in Ontario,
Canada, between 1988 and 1997 (3,789,917 admissions)
and found that rupture of abdominal aortic aneurysms was
associated with a significantly higher mortality in patients
Table VI. Analysis of death risk related to WE-WD admis
ICD-9-CM code Subgrou
All cases
Aortic dissection (all cases)
441.00 Dissection of aorta, unspe
441.01 Dissection of thoracic aort
441.02 Dissection of abdominal a
441.03 Dissection of thoracoabdo
Aortic aneurysm rupture (all cases)
441.1 Thoracic aneurysm, ruptu
441.3 Abdominal aneurysm, rup
441.6 Thoracoabdominal aneury
441.5 Aortic aneurysm of unspec
AARD, Acute aortic aneurysm rupture or dissection; ICD-9-CM, Internation
WE, weekend.admitted during the WE vs patients hospitalized during a dD (42% vs 36%, respectively; adjusted OR, 1.28; 95% CI,
.13-1.46). Aylin et al9 evaluated in-hospital deaths regard-
ng 4,317,866 emergency admissions to public hospitals in
ngland from 2005 to 2006. They found that the risk of
eath was significantly higher in patients hospitalized dur-
ng the WE than during a WD in comparison with patients
dmitted during a WD (42.9%; 555/573, vs 34.0%; 1453/
573; OR, 1.45; 95% CI, 1.26-1.66; P  .001). In that
tudy, ruptured abdominal aortic aneurysms made up most
f the cases within the aneurysm group. ICU admission
uring the WE was also associated with higher adjusted
ospital mortality rates than during a WD. Admissions to
urgical ICU (OR, 1.23; 95% CI, 1.03-1.48), but not to
he medical or multispecialty ICU, were the major drivers
f this observation.
Several explanations may be given for the association
etweenWE admission and increased in-hospital mortality,
articularly among the most severely ill patients. One plau-
ible hypothesis could be that there is a reduction of avail-
ble human resources on weekends. Medical activity is
ifficult to maintain with uniform quality of care through-
ut the week, and it is typically reduced during the WE.
tudies confirm that fewer doctors and professional staff
including nurses)19,20 work in hospitals on the WE than
n a WD,4,21-24 and staff on duty on the WEmay also have
ess clinical experience.25-29 This reduced staffing creates a
cenario where admissions cannot be managed in the same
ay on WE as on WD. Understaffing in emergency and
adiology departments,27-29 in terms of both number and
xpertise, could also potentially result in delayed diagnosis
nd treatment, with an unfavorable impact on patient prog-
osis. Inadequate professional staffing and medical cover-
ge during the WE may also delay the detection of poten-
ially fatal early complications.24 Finally, as for our national
and regional) healthcare organization, general practitio-
ers operate from Monday to Friday and are not available
uring the WE. During holidays and WE, general practi-
ioners are backed up by a dedicated staff of younger
for different AARD subgroups
WD
No. patients
Discharged alive,
n (%) Deceased, n (%)
4559 2082 (63.1) 1215 (36.9)
2210 1224 (74.9) 411 (25.1)
site 302 152 (70.7) 63 (29.3)
1057 601 (75.8) 192 (24.2)
374 209 (77.1) 62 (22.9)
l aorta 477 262 (73.6) 94 (26.4)
2349 858 (51.6) 804 (48.4)
282 92 (46.2) 107 (53.8)
1842 692 (52.9) 616 (47.1)
uptured 126 40 (48.2) 43 (51.8)
site, ruptured 99 34 (47.3) 38 (52.7)
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physicians. Another possibility is that the severity of cases
reaching the hospital during the WE may be higher than
that during WD.30 For example, a single-center study
conducted in Michigan, showed that acute coronary syn-
dromes arriving to the hospital during night-time and the
WE were predominantly represented by ST elevation myo-
cardial infarction, whereas daytime and WD were charac-
terized mainly by non-ST elevation myocardial infarction
events.31
Limitations. This study has a number of limitations,
which deserve comment. This is a retrospective study based
on ICD-9 coding. Patients have been identified by using
ICD-9-CM codes, and patient eligibility may therefore be
subject to selection biases due to hospital coding proce-
dures.32-34 We cannot exclude potential variation in the
sensitivity of coding across study centers (misclassification
bias). Second, although we used several techniques to
adjust for severity of illness, it is possible that the observed
difference in mortality between WE and WD admissions
may be due to unmeasured, residual confounding. Since we
used only an established general comorbidity score, it is
possible that patients admitted on the WE had more severe
diseases and inherently worse prognoses than those admit-
ted on a WD. We tried to reduce this potential bias by
limiting our analysis to the cohort of emergency admis-
sions, but an influencing factor by an unadjusted condi-
tion(s) is still possible. Again, it is possible that our mea-
surement of the influence of WE admission on patient
mortality underestimates the adverse effect of WE care
because patients admitted on the WE may “crossover” to
receive WD care and vice versa. Finally, it is possible that
patients admitted on the WE have more severe disease than
those admitted on a WD, but this information cannot be
drawn by an ICD-9-CM database.
Despite these limitations, however, the study has also
several strengths:
(1) The large number of consecutive patients hospitalized
for a primary diagnosis of ARRD and the long period
Table VI. Continued.
WE
OR
Discharged alive,
n (%) Deceased, n (%)
714 (56.6) 548 (43.4) 1.315
391 (68.0) 184 (32.0) 1.401
55 (63.2) 32 (36.8) 1.404
184 (69.7) 80 (30.3) 1.361
72 (69.9) 31 (30.1) 1.451
80 (66.1) 41 (33.9) 1.428
323 (47.0) 364 (53.0) 1.201
37 (44.6) 46 (55.4) 1.069
264 (49.4) 270 (50.6) 1.149
14 (32.6) 29 (67.4) 1.927
8 (29.6) 19 (70.4) 2.063analysis (11 years); and f2) The study on possible influence due to the difference
of province or type (teaching/nonteaching) and size
(number of beds per hospital site) of hospital.
We believe the results are well representative of the
eal-life clinical management of patients hospitalized for
cute ARRD.
ONCLUSIONS
In the last decade, a growing body of evidence has
hown that, just like other acute cardiovascular events, such
s AMI and stroke, AARD exhibits a temporal pattern of
nset as well, characterized by preferred peaks during
orning hours and winter months.35-38 These patterns
oincide with the temporal variation in the pathophysio-
ogic mechanisms that trigger cardiovascular events and
hysiologic changes in body rhythms.39 Similar to AMI
nd stroke,40,41 Monday seems to be the preferred day of
nset for AARD.42 The present study gives further con-
rmation that patients with AARD arrive at the hospital
specially on Monday, but they die more often when
rriving on the WE. Moreover, the significantly higher
n-hospital mortality rate on the WE compared with a
D is maintained even after adjustment for potentially
onfounding patient and hospital characteristics. We do
ot know whether this is due to insufficient coverage
hroughout the week, availability of either human re-
ources and technologies, or to different clinical charac-
eristics, such as scores of severity, of patients urgently
rriving to the hospitals on the WE. Future research
hould address more in-depth the underlying reasons of
his difference in mortality for WE and WD and whether
his higher mortality may be explained by differences in
everity of disease upon arrival, or uniformity of care that
s needed on weekends.
The authors thank Nicola Napoli and Franco Guer-
oni, Centre for Health Statistics, Hospital of Ferrara, Italy,
95% CI
PLower bound Upper bound
1.153 1.501  .001
1.138 1.725 .002
.830 2.374 .220
.999 1.853 .052
.874 2.411 .180
.916 2.227 .129
1.005 1.435 .046
.639 1.789 .880
.939 1.405 .181
.893 4.160 .136
.799 5.326 .171or their precious and valuable collaboration.
12
2
2
2
2
2
2
2
2
2
3
3
3
3
3
3
3
3
3
3
4
4
4
JOURNAL OF VASCULAR SURGERY
May 20121254 Gallerani et alAUTHOR CONTRIBUTIONS
Conception and design: MG, DI, RM
Analysis and interpretation: MG, DI, EB, KE, RM
Data collection: MG, DI, RM
Writing the article: MG, DI, RM
Critical revision of the article: EB, KE
Final approval of the article: MG, DI, EB, KE, RM
Statistical analysis: MG, RM
Obtained funding: RM
Overall responsibility: MG
REFERENCES
1. Manfredini R, Portaluppi F, Grandi E, Fersini C, Gallerani M. Out-of-
hospital sudden death referring to an emergency department. J Clin
Epidemiol 1996;49:865-8.
2. Chaikof EL, Brewster DC, Dalman RL, Makaroun MS, Illig KA, Sicard
GA, et al. The care of patients with an abdominal aortic aneurysm: the
Society for Vascular Surgery practice guidelines. J Vasc Surg 2009;50(4
Suppl):S2-S49.
3. Hagan PG, Nienaber CA, Isselbacher EM, Bruckman D, Karavite DJ,
Russman PL, et al. The International Registry of Acute Aortic Dissection
(IRAD): new insights into an old disease. JAMA 2000;283:897-903.
4. Bell CM, Redelmeier DA. Mortality among patients admitted to hos-
pitals on weekends as compared with weekdays. N Engl J Med 2001;
345:663-8.
5. Kostis WJ, Demissie K, Marcella S W, Shao YH, Wilson AC, Moreyra
AE. Myocardial Infarction Data Acquisition System (MIDAS 10) Study
Group. Weekend vs weekday admission and mortality from myocardial
infarction. N Engl J Med 2007; 356:1099-109.
6. Becker DJ. Weekend hospitalization and mortality: a critical review.
Expert Rev Pharmacoecon Outcomes Res 2008;8:23-6.
7. Marco J, Barba R, Plaza S, Losa JE, Canora J, Zapatero A. Analysis of
the mortality of patients admitted to internal medicine wards over the
weekend. Am J Med Qual 2010;25:312-8.
8. Barba R, Losa JE, Velasco M, Guijarro C, García de Casasola G, et al.
Mortality among adult patients admitted to the hospital on weekends.
Eur J Intern Med 2006;17;322e4.
9. Aylin P, Yunus A, Bottle A, Majeed A, Bell D. Weekend mortality for
emergency admissions. A large, multicentre study. Qual Saf Health Care
2010;19:213-7.
10. Barnett MJ, Kaboli PJ, Sirio CA, Rosenthal GE. Day of the week of
intensive care admission and patient outcomes: a multisite regional
evaluation. Med Care 2002;40:530-9.
11. Saposnik G, Baibergenova A, Bayer N, Hachinski V. Weekends: a
dangerous time for having a stroke? Stroke 2007;38:1211-5.
12. Reeves MJ, Smith E, Fonarow G, Hernandez A, PanW, SchwammLH,
et al. Off-hour admission and in-hospital stroke case fatality in the get
with the guidelines-stroke program. Stroke 2009;40:569-76.
13. Obel N, Schierbeck J, Pedersen L, Storgaard M, Pedersen C, Sørensen
HT, et al. Mortality after discharge from the intensive care unit during
the early weekend period: a population-based cohort study in Denmark.
Acta Anaesthesiol Scand 2007;51:1225-30.
14. Laupland KB, Shahpori R, Kirkpatrick AW, Stelfox HT. Hospital
mortality among adults admitted to and discharged from intensive care
on weekends and evenings. J Crit Care 2008;23:317-24.
15. Regione Emilia Romagna-Servizio statistico. Available at: http://rersas.
regione.emilia-romagna.it/pl/index.htm. Accessed March 31, 2011.
16. Charlson M, Szatrowski TP, Peterson J, Gold J. Validation of a com-
bined comorbidity index. J Clin Epidemiol 1994;47:1245-51.
17. Deyo RA, Cherkin DC, Ciol MA. Adapting a clinical comorbidity index
for use with ICD-9-CM administrative databases. J Clin Epidemiol
1992;45:613-9.
18. Schneeweiss S, Maclure M. Use of comorbidity scores for control of
confounding in studies using administrative databases. Int J Epidemiol
2000;29:891-8. S9. Aiken LH,Clarke SP, SloaneDM, Sochalski J, Silber JH.Hospital nurse
staffing and patient mortality, nurse burnout, and job dissatisfaction.
JAMA 2002;288:1987-93.
0. Harless DW, Mark BA. Nurse staffing and quality of care with direct
measurement of inpatient staffing. Med Care 2010;48:659-63.
1. Cram P, Hillis SL, Barnett M, Rosenthal GE. Effects of weekend
admission and hospital teaching status on in-hospital mortality. Am J
Med 2004;117:151-7.
2. Foss NB, Kehlet H. Short-term mortality in hip fracture patients
admitted during weekends and holidays. Br J Anaesth 2006;96:450-4.
3. Hamilton P, Eschiti VS, Hernandez K, Neill D. Differences between
weekend and weekday nurse work environments and patient out-
comes: a focus group approach to model testing. J Perinat Neonatal
Nurs 2007;21:331-41.
4. Aujesky D, Jiménez D, Mor MK, Geng M, Fine MJ, Ibrahim SA.
Weekend vs weekday admission and mortality after acute pulmonary
embolism. Circulation 2009;119:962-8.
5. Thorpe KE. House staff supervision and working hours. Implications of
regulatory change in New York State. JAMA 1990;263:3177-81.
6. McKee M, Black N. Does the current use of junior doctors in the
United Kingdom affect the quality of medical care? Soc Sci Med
1992;34:549-58.
7. Miró O, Sánchez M, Espinosa G, Millá J. Quality and effectiveness of an
emergency department during weekends. Emerg Med J 2004;21:573-4.
8. Schmulewitz L, Proudfoot A, Bell D. The impact of weekends on
outcome for emergency patients. Clin Med 2005;5:621-5.
9. Schilling PL, Campbell DA, Jr, EnglesbeMJ, Davis MM. A comparison
of in-hospital mortality risk conferred by high hospital occupancy,
differences in nurse staffing levels, weekend admission, and seasonal
influenza. Med Care 2010;48:224-32.
0. Manfredini R, Boari B, Salmi R. Higher stroke mortality on weekends:
are all strokes the same? Stroke 2007;38:e112.
1. LaBounty T, Eagle KA, Manfredini R, Fang J, Tsai T, Smith D, et al.
The impact of time and day on the presentation of acute coronary
syndromes. Clin Cardiol 2006;29:542-6.
2. Proctor MC, Greenfield LJ. Pulmonary embolism: diagnosis, incidence
and implications. Cardiovasc Surg 1997;5:77-81.
3. White RH, Gettner S, Newman JM, Trauner KB, Romano PS. Predic-
tors of rehospitalization for symptomatic venous thromboembolism
after total hip arthroplasty. N Engl J Med 2000;343:1758-64.
4. Murin S, Romano PS, White RH. Comparison of outcomes after
hospitalization for deep venous thrombosis or pulmonary embolism.
Thromb Haemost 2002;88:407-14.
5. Gallerani M, Portaluppi F, Grandi E, Manfredini R. Circadian rhyth-
micity in the occurrence of spontaneous acute dissection and rupture of
thoracic aorta. J Thorac Cardiovasc Surg 1997;113:603-4.
6. Manfredini R, Portaluppi F, Zamboni P, Salmi R, Gallerani M. Circa-
dian variation in spontaneous rupture of abdominal aorta. Lancet
1999;353:643-4.
7. Mehta RH, Manfredini R, Hassan F, Sechtem U, Bossone E, Oh JK, et
al. Chronobiological patterns of acute aortic dissection. Circulation
2002;106:1110-5.
8. Manfredini R, Boari B, Salmi R, Manfredini F, Gasbarro V, Mascoli F,
et al M. Day-of-week variability in the occurrence and outcome of aortic
diseases: does it exist? Am J Emerg Med 2008;26:363-6.
9. Manfredini R, Boari B, Gallerani M, Salmi R, Bossone E, Distante A, et
al. Chronobiology of rupture and dissection of aortic aneurysms. J Vasc
Surg 2004;40:382-8.
0. Manfredini R, Manfredini F, Boari B, Bergami E, Mari E, Gamberini S,
et al. Seasonal and weekly patterns of hospital admissions for nonfatal
and fatal myocardial infarction. Am J Emerg Med 2009;27:1097-103.
1. Manfredini R, Manfredini F, Malagoni AM, Salmi R, Boari B, Gallerani
M. Day-of-week distribution of fatal and nonfatal ischemic stroke in
elderly subjects. J Am Geriatr Soc 2009;57:1511-3.
2. Manfredini R, Boari B, Manfredini F, Salmi R, Bossone E, Fabbri D, et
al. Seasonal variation in occurrence of aortic diseases: the database of
hospital discharge data of the Emilia-Romagna region, Italy. J Thorac
Cardiovasc Surg 2008;135:442-4.ubmitted May 4, 2011; accepted Nov 25, 2011.
